Wild tomatoes (Solanum section Lycopersicon) are native to western South America. The delimitation and relationships of tomato species have differed widely depending upon whether morphological or biological species concepts are considered more important. Molecular data from mitochondrial, nuclear, and chloroplast DNA restriction fragment length polymorphisms (RFLPs), nuclear microsatellites, isozymes, and gene sequences of internal transcribed spacers of nuclear ribosomal DNA (ITS; multiple-copy), the single-copy nuclear encoded Granule-bound Starch Synthase gene (GBSSI or waxy), and morphology, have been used to examine hypotheses of species relationships. This study is a companion to the previous GBSSI gene sequence study and to the morphological study of relationships of all ten wild tomato species (including the recently described S. galapagense), with a concentration on the most widespread and variable species S. peruvianum s.l. These new AFLP data are largely concordant with the GBSSI and morphological data and in general support the species outlined in the latest treatment by C.M. Rick, but demonstrate the distinct nature of northern and southern Peruvian populations of S. peruvianum, and suggest that their taxonomy needs revision. Solanum ochranthum is supported as sister to wild tomatoes, and S. habrochaites and S. pennellii reside in a basal polytomy in the tomato clade.
INTRODUCTION
All wild tomato species (Solanum section Lycopersicon) (see Table 1 for species list and authors of names) are native to western South America (Fig. 1) . They are distributed along the coast and in the Andes, from Ecuador to northern Chile, and with two endemic species in the Galápagos Islands. We here informally treat wild tomatoes (Table 1) in subsection Lycopersicon to provide a coordinate name for their formally described outgroups in section Juglandifolium (Rydb.) Child and subsection Lycopersicoides Child. With the recently described S. galapagense from these islands, ten species are currently recognized (Darwin & al., 2003) . Wild S. lycopersicum is supported as the ancestor of cultivated tomatoes, and the species occurs as a weedy escape from cultivation worldwide. All tomatoes are diploid (2n = 24; Rick, 1979 ; although rare tetraploid forms occur) and vary in breeding system from allogamous self-incompatible to facultative allogamous self-compatible to autogamous self-compatible (Rick, 1963 (Rick, , 1979 (Rick, , 1984 (Rick, , 1986a ; Tables 1, 2 ). All wild tomatoes can be crossed (sometimes with difficulty) to the cultivated tomato. They are of paramount importance in breeding programs as sources of disease resistance and agronomic traits (Esquinas Alcazar, 1981; Rick, 1982a; Stevens & Rick, 1986) . The tomato also serves as a model organism for genetic and developmental studies (Tanksley & McCouch, 1997; Hay & al., 2004) .
There has been great controversy about the number of species in the group, their interrelationships, and their treatment in the genus Solanum or Lycopersicon. Spooner & al. (1993;  Fig. 2D ) provided a chloroplast DNA (cpDNA) restriction site phylogeny and morphological phylogeny that supported inclusion of Lycopersicon in Solanum. This treatment is also strongly supported by other chloroplast DNA restriction site and sequence data (Bohs & Olmstead, 1997 Olmstead & Palmer, 1997; Bohs, in press ). These multiple datasets from a variety of genes unambiguously show tomatoes to be deeply nested in Solanum, and the majority of taxonomists are adopting Al valleys on Pacific side coastal to usually and fruit quality. Insect, below 1000 m; often a weed in cultivated nematode, and disease fields resistances a SC = self-compatible, SI = self-incompatible, At = autogamous, Al = allogamous. b Na. = native, En. = endemic. low-) fruited species S. cheesmaniae (including accessions now recognized as S. galapagense), S. lycopersicum, and S. pimpinellifolium. Peralta & Spooner (in press; Fig. 2I ) provided phenetic and cladistic analyses of largely the same accessions using morphological data. That study supported not only the traditionally recognized species of wild tomatoes, but also demonstrated the distinct nature of the northern and southern Peruvian populations of S. peruvianum, and suggested that they may represent distinct species.
Other studies using fewer accessions also have investigated phylogenetic relationships in subsection Lycopersicon with data from cpDNA restriction site data, (Palmer & Zamir, 1982;  Fig. 2A ), mitochondrial DNA (mtDNA) restriction sites (McClean & Hanson, 1986; Fig. 2B) , nuclear RFLPs (Miller & Tanksley, 1990; Fig. 2C) , isozymes (Breto & al., 1993; Fig. 2E) , ITS gene sequence data (Marshall & al., 2001; Fig. 2G) , and nuclear DNA microsatellites (Alvarez & al., 2001; Fig. 2H) .
The Amplified Fragment Length Polymorphism (AFLP) technique used in this study combines restriction enzyme reactions with the Polymerase Chain Reaction (PCR), revealing high levels of polymorphism (Vos & al., 1995) . AFLP data have been shown to be useful in phylogenetic studies and to have generally high congruence with many other marker types (Powell & al., 1996; Milbourne & al., 1997; Russell & al., 1997) . These data have been successfully used to study relationships of species within genera (Spooner & Lara-Cabrera, 2001 ). Within section Petota AFLPs have been used to study the phylogeny of 19 wild potato taxa and three taxa of Solanum section Lycopersicon (Kardolus & al., 1998) ; species within Solanum series Longipedicellata (van den Berg & al., 2002) ; and species within Mexican diploid wild potatoes (Lara-Cabrera & Spooner, 2004) , with results concordant to some current taxonomic hypotheses. Elsewhere in Solanaceae, Mace & al. (1999a) studied members of the solanaceous tribe Datureae (Datura L. and Brugmansia Pers.), and Mace & al. (1999b) studied the genetic relationships among cultivated and wild eggplants [members of Solanum subgenus Leptostemonum (Dunal) Bitter]; both datasets found consistent results with ITS sequences, isozymes and morphology.
The purpose of this study is to explore the utility of AFLPs to elucidate phylogenetic relationships of wild tomatoes, and to explore its congruence with other molecular and morphological results.
MATERIALS AND METHODS
Plants. -We analyzed a total of 65 accessions, including all ten recognized species of tomatoes . Most of these accessions correspond to the GBSSI (Peralta & Spooner, 2001 ) and morphological studies (Peralta & Spooner, in press) , except for the addition of eight new accessions of S. peruvianum and the deletion of 11 accessions of S. peruvianum relative to the GBSSI study. For efficiency of comparison with prior studies, we used the same 39 generalized geographic regions published in those papers (Appendix, Fig. 1 Fig. 1 ). The wild potato accessions were obtained from the U.S. Potato Genebank in Sturgeon Bay, Wisconsin (Bamberg & al., 1996) . Outgroups were chosen based on Spooner & al. (1993) and Peralta & Spooner (2001) to represent immediate outgroups of tomatoes in Solanum section Juglandifoli- Breto & al., 1993 (isozymes, phen.) D. Spooner & al., 1993 (cpDNA rest. sites, clad.) C. Miller & Tanskley, 1990 (nuclear RFLPs, phen.) B. McClean & Hanson, 1986 (mitocondrial rest. sites, phen.) A. Palmer & Zamir, 1982 (cpDNA rest. sites, clad Bamberg & al., 1996; Appendix) . Vouchers for all these accessions were field-grown in Wisconsin, U.S.A. and Mendoza, Argentina in 2000 and duplicates are deposited in BM, DAV, MERL and WIS. Some of the LA (TGRC) accessions are represented by herbarium specimens collected by C. M. Rick and colleagues and deposited in a variety of herbaria, mostly in South America; where appropriate, the location of these original herbarium vouchers is cited, rather than our field-grown vouchers. Where original vouchers do not exist, we have cited the voucher numbers as given by the TGRC as Rick & al. followed by our field grown voucher number if different. A database of tomato specimens is available from the authors and complete exsiccatae will be published in our monograph of the group (Peralta, Knapp, and Spooner, in prep.) .
AFLP primer selection and amplification. -Total genomic DNA was extracted from a single individual per accession from fresh leaves of 2-month-old plants, following the procedure of Doyle & Doyle (1987) , and purified over CsCl/ethidium bromide gradients. AFLPs (Vos & al., 1995) were generated for all accessions using four primer combinations, chosen on advice of Glenn Bryan of the Scottish Crop Research Institute, Dundee, based on clarity of band pattern, number of markers, and well-distributed markers in a potato (Solanum section Petota) mapping population (unpublished data). These were: PstI+AC, MseI+AGC; PstI+AG, MseI+ACC; PstI+AG, MseI+AGT; PstI+CT, MseI+AGG. DNA was double-digested with the restriction enzyme combination PstI-MseI. Appropriate linkers were ligated to digested DNA and two rounds of PCR were initiated. Fragments were separated by polyacrylamide gels and markers scored with proprietary technology developed by KeyGene N. V. (Wageningen, The Netherlands). Bands were scored as presence or absence and no attempt was made to differentiate homozygotes from heterozygotes based on differential band intensity.
Cladistic analysis. -Phylogenetic reconstruction was performed using PAUP version 4.0b8 (Swofford, 2001) , using Fitch parsimony (Farris, 1970) . Solanum etuberosum was designated as the farthest outgroup, following results of Spooner & al. (1993) . To find multiple tree islands, we used a four-step search strategy (modified from Olmstead & Palmer, 1994) . (1) Five hundred thousand replicates initially were run using random order entry starting trees with nearest-neighbor interchange (NNI). (2) The shortest trees from this analysis were used individually as starting trees with the tree-bisectionreconnection (TBR) method. (3) The resulting trees were searched with NNI, retaining all most parsimonious trees (MULPARS). (4) The resulting trees were searched with TBR and MULPARS. The resulting trees were used to compute a strict consensus tree. A bootstrap analysis was conducted on 100 replicates with TBR and MULPARS. We also performed a cladistic analysis of 48 taxa common to AFLP and GBSSI data, and ten taxa common to AFLP, GBSSI, cpDNA, and ITS data.
Phenetic analysis. -AFLP data were analyzed using NTSYS-pc  version 2.02k (Rohlf, 1997) . Similarity matrices (in SIMQUAL) were generated using DICE similarity matrix, which places less weight on shared absent bands, as an appropriate algorithm for AFLPs that are predominately dominant markers. Clustering was performed using the unweighted pairgroup method (UPGMA) and the Neighbor-Joining method in SAHN. We chose the tree that had the highest cophenetic correlation coefficient of the tree to the similarity matrix as determined by COPH and MXCOMP in NTSYS-pc.
Congruence tests among AFLP, cpDNA, GBSSI, ITS, and morphological studies. -Different tests have been developed that assess the general null hypothesis of homogeneity between datasets. We tested congruence among our new AFLP results to the cpDNA (Palmer & Zamir, 1982) , GBSSI (Peralta & Spooner, 2001 ), ITS (Marshall & al., 2001 ) and morphology (Peralta & Spooner, in press) datasets through three methods: (1) distance matrix-based comparisons, (2) character-based comparisons, and (3) visual qualitative comparison of trees. Two comparative datasets were constructed. The larger comparative dataset contained 47 identical tomato accessions from our AFLP and GBSSI studies and contained one additional accession of S. etuberosum as outgroup. The smaller comparative dataset contained only 10 accessions that were common to all studies cited above (all tomato species except S. neorickii were included, the northern and southern accessions of S. peruvianum were included as separate taxa, and S. lycopersicoides was the common outgroup). We reconstructed a cpDNA matrix from Palmer & Zamir (1982) and obtained the ITS matrix from Marshall & al. (2001) . We realigned the indels of the latter after deletion of nine taxa to construct a common 10-taxon data matrix of tomatoes (with S. lycopersicoides as outgroup).
Our morphological data (Peralta & Spooner, in press ) included a predominately quantitative dataset of 66 characters for 41 taxa common to AFLP and GBSSI studies, and a subset of 10 taxa common to AFLP, cpDNA, GBSSI, and ITS studies for phenetic analyses (Table 2) . Our morphological data also included a quali-tative dataset of 26 characters for 10 taxa common to AFLP, cpDNA, GBSSI, and ITS for cladistic analysis (Table 3) .
Distance-based comparisons of six datasets (AFLP, cpDNA, GBSSI, ITS, morphology cladistics, morphology phenetics; Table 2 ) were conducted by first constructing pair-wise distance matrices. For the GBSSI and ITS data we used the Jukes & Cantor (1969) distance method and for the cpDNA restriction site data we used Nei & Li (1979) ; both available in PAUP. For the AFLP data we used the DICE matrix, and for the morphological data we used the distance algorithm for phenetic comparisons, and simple matching algorithm for cladistic comparisons, both present in NTSYS-pc. The comparison of matrices test assumes that the two matrices have been obtained independently. The program takes two symmetric similarity or dissimilarity matrices and plots one matrix against the other, element by element. The product-moment correlation coefficient, r, between their associated path-length matrices, and the Mantel test statistic, Z, to measure the degree of relationship between the two matrices were computed with the Mantel test (Mantel, 1967) as performed in NTSYS-pc. The correlation coefficient varies from 0 (no correspondence of matrices) to 1 (perfect correspondence). We interpret the significant association of the matrices by using the critical values of matrix correlations coefficient found in Appendix of Lapointe & Legendre (1992) . We also analyzed distance values between three pairs of species representing close, intermediate, and far species comparisons (Table 4) .
Character-based comparisons of five datasets (AFLP, cpDNA, GBSSI, ITS, morphology; Table 3 ) used the incongruence length difference (ILD) test, also called the partition homogeneity test of data partition congruence, of Farris & al. (1995) , available in PAUP version 4.0b8 (Swofford, 2001) . The ILD test is based on an expectation that data partitions which reflect different topologies will have higher overall homoplasy in combination, than will data partitions that reflect a single topology. Consequently, combined analysis of incongruent datasets should yield trees that are significantly longer than the sum of the tree lengths inferred from each data partition separately (Hipp & al., 2004) . The ILD statistic, D, shows the difference between tree lengths of combined partitions and the sum of tree lengths of data partitions analyzed separately: D = L (1+2+…+N) -(L 1 +L 2 + … +L N ), where L N is the length of the most parsimonious tree(s) found for each data partition N, and L (1+2+…+N) is the length of the most parsimonious tree(s) for the combined data. By comparing D to a distribution generated by randomly partitioning the combined data according to the number and size of the original data partitions, the ILD test provides a p-value that estimates the type I error rate, i.e., the probability of rejecting the null hypothesis that the data partitions are congruent with another. If two datasets are highly incongruent then the sum of their minimal trees should be significantly shorter than that of the sum of tree lengths from random partitions of the combined data and the null hypothesis will be rejected (Hoot & al., 1997) . To reject the null hypothesis usually the type I error rate is set at 5%. When P values ≥ 0.05 the null hypothesis is accepted, concluding that the data sets are significantly homogeneous. All combinations were run on 100 replicates, heuristic search option with simple addition sequence, TBR, and MULPARS in effect. The ILD test has been criticized by Yoder & al. (2001) , but their criticisms have been refuted by Hipp & al. (2004) .
RESULTS
In this paper we use the ranks of Child (1990) as a convenient temporary reference to tomato groups, although these ranks will change in our monograph of tomatoes and their relatives (Peralta & al., in prep.) . Spooner & al. (1993) present a graphical display of Child's nomenclaturally nested tomato and potato nomenclature.
Cladistic analysis. -The four AFLP primer combinations produced 328 characters with 0.6% missing data. Thirty-five characters were uninformative in the cladistic analysis. Fitch parsimony analysis produced 296 most parsimonious 1174-step trees with a consistency index of 0.25 and a retention index of 0.50 (Fig. 6) . A strict consensus tree of these 296 trees (Fig. 7) shows tomatoes (Solanum section Lycopersicon subsection Lycopersicon) and their immediate outgroup relatives (S. ochranthum representing section Juglandifolium, and S. lycopersicoides + S. sitiens representing section Lycopersicon subsection Lycopersicoides) to form a sister clade to potatoes (section Petota; S. cardiophyllum, S. ehrenbergii, S. pinnatisectum) and further outgroups (S. etuberosum; section Etuberosum). Solanum pennellii and S. habrochaites are part of a basal polytomy in the tomato clade. All brightly-colored-fruited, self compatible species (S. cheesmaniae, S. galapagense, S. lycopersicum, S. pimpinellifolium) form a well supported clade (100% bootstrap). Solanum chmielewskii, S. neorickii, and four accessions of the self-incompatible northern S. peruvianum from the Río Marañón drainage form a clade (52% bootstrap support). Only one accession from northern Peru (LA 1984) grouped with the southern S. peruvianum. Interestingly Rick (1986a) considered this accession as a crossing bridge between northern and southern populations of S. peruvianum.
Phenetic results. -Because AFLPs are dominant markers, a case could be made that they should be analyzed with phenetic methods (Koopman & al., 2001 ). The cophenetic correlation coefficient (r, varies from 0 = poor correlation to 1 = perfect correlation) of DICE/ Neighbor Joining was 0.735, vs. 0.961 for DICE/ UPGMA (Fig. 8) . A phenetic analysis is designed to distinguish similar groups of individuals that could be interpreted to support species status of grouped accessions.
The cladogram and phenogram outline almost the same set of species groups, and place outgroup taxa similarly. The phenogram could represent the phylogeny when similarities are mainly due to shared derived characteristics (Futuyma, 1998) . Like the cladogram, the phenogram groups all the brightly-colored-fruited species, groups S. pennellii and S. habrochaites (adjacent on the cladogram), groups all accessions of S. chilense, largely separates the northern and southern accessions of S. peruvianum, separates the four northern accessions of S. peruvianum from other northern accessions, and groups them with S. chmielewskii and S. neorickii.
Congruence tests. -The distance-matrix Mantel tests of associations (Table 2) showed that all pairs of matrices compared were statistically correlated at (α = 0.05) as determined by the criterion of Lapointe & Legendre (1992) , except in the last three cases: GBSSI/ITS, GBSSI/morphology phenetics, and ITS/ cpDNA. It is interesting to note that increasing the number of taxa, from 10 to 41, in the GBSSI/morphology phenetics comparison, lowered the correlation coefficient from 0.562 to 0.255. A similar trend was found in the AFLP/morphology phenetics matrices comparison with 10 and 41 taxa. In both cases the matrices were significantly correlated. The matrix correlation coefficients Spooner & al. • AFLPs and tomato phylogeny 54 (1) • February 2005: 43-61 The AFLP (this study), GBSSI (Peralta & Spooner, 2001 ) and cpDNA (Palmer & Zamir, 1982) comparisons used the same accessions when possible among studies; the morphology cladistic data (Peralta & Spooner, in press) were general species values. Solanum lycopersicum (LA1673 for AFLP and GBSSI; cultivar T6 at UC Davis for cpDNA); S. pennellii (LA716 for AFLP, GBSSI, cpDNA); S. lycopersicoides (LA2386 for AFLP; LA1990 for GBSSI; LA1964 for cpDNA). (Table 3) show the ITS/cpDNA, AFLP/GBSSI (both 10 and 48 taxon comparisons), the GBSSI/morphology, AFLP/ITS, GBSSI/ ITS, AFLP/cpDNA, ITS/morphology, and AFLP/mor- AFLP, GBSSI, cpDNA, ITS tree, and morphology analysis (10 taxa; 2299 characters of which 148 were parsimony informative) produced two most-parsimonious 577-step trees with a consistency index of 0.816 and a retention index of 0.603. A consensus tree of these two trees (Fig. 9) shows: (1) The brightly-colored-fruited species as monophyletic supported by 100% bootstrap, with S. pimpinellifolium sister to S. cheesmaniae and S. lycopersicum, (2) S. chmielewskii and a northern population of S. peruvianum to be a sister clade to the above supported by 65% bootstrap, (3) S. chilense and a southern population of S. peruvianum to form a well supported clade (98% bootstrap), and (4) S. habrochaites and S. pennellii to be a well supported clade (98%), but forming a basal polytomy with clade 3. Solanum lycopersicoides forms an outgroup to tomatoes that have a 51% bootstrap value.
The distance comparisons between three pairs of species (Table 4) were difficult to compare among marker types because different distance algorithms were appropriate for AFLPs, GBSSI, cpDNA restriction sites, ITS sequences, and morphology. For AFLPs (analyzed by DICE) the distance values ranged from 0.233-0.851; for GBSSI (Jukes-Cantor) ranged from 0.964-0.999, cpDNA (Nei-Li) ranged from 0.500-0.917, ITS (JukesCantor) 0.877-0.980, and morphology cladistic data ranged from 0.269-0.885. The distance values estimated from sequence data (GBSSI and ITS) with Jukes-Cantor were higher than those estimated for other kinds of markers using a different algorithm. The distance values were intermediate for cpDNA (Nei-Li) and lower for AFLP (DICE) and morphology cladistic (simple matching). All markers showed a similar trend, except ITS, in the genetic and morphological distances of selected pairs of species (Table 4) , being higher for closely related species (S. lycopersicum/S. pimpinellifolium), intermediate between a self-compatible brightly-colored-fruited species (S. lycopersicum) and a self-incompatible green fruited species (S. pennellii), and lower for a species of the tomato clade (S. lycopersicum) and a species of the outgroup (S. lycopersicoides). Contrary to this trend, the ITS genetic distance estimated with Jukes-Cantor was higher for the far species comparisons (0.932) than for the intermediate (0.877).
The two congruence tests gave different results regarding the rejected comparisons. That is, the ILD test found cpDNA/morphology and cpDNA/GBSSI to be incongruent, while the matrix comparison method established that GBSSI/ITS, GBSSI/morphology phenetics, and ITS/cpDNA were not statistically correlated. Notably, the comparison of cpDNA/GBSSI gave a high matrix correlation coefficient (0.831), but did not pass the ILD test.
DISCUSSION
Our AFLP cladistic results are completely concordant with the cpDNA results of Spooner & al. (1993) , Bohs & Olmstead (1997 , Olmstead & Palmer (1997) and in supporting the sister group relationship of tomatoes, including section Juglandifolium and subsection Lycopersicoides (when examined), to potatoes. The present AFLP cladistic results also show various degrees of congruence with prior molecular and morphological studies of tomatoes and outgroups in section Juglandifolium and subsection Lycopersicoides (Fig. 2, Table 5 ). These results are sometimes difficult to compare because of different marker types (molecules vs. morphology; organellar [cpDNA and mitochondrial DNA] vs. nuclear inheritance; codominant markers such as isozymes, nuclear RFLPs and microsatellites vs. dominant markers such as AFLPs; multiple copy gene DNA sequences such as ITS vs. single copy gene sequences such as GBSSI). As well, some results are analyzed phenetically, others cladistically. Despite these many differences in marker types and analytical methods, it is illuminating to examine the congruence of these tomato datasets by visual comparison of phenograms and cladograms.
Of the ten studies compared here ( Fig. 2A-I and this study, Table 5 ), only four included enough taxa to address the outgroup relationship of tomatoes. All four studies (Fig. 2D, F , G, and this study, Fig. 2F ) separated them into different groups (Fig. 2C, F, H, I , and this study, Table 5 ). These two geographical groups exhibit moderate breeding barriers (Rick, 1986a) . Two of the six studies that included northern and southern populations of S. peruvianum and S. chilense supported the grouping of the latter with the southern populations of S. peruvianum ( Fig. 2H and this study, Table 5 ). Four of the seven studies grouped S. chmielewskii and S. neorickii (Fig. 2C, E , G, H, Table 5 ). Eight of the nine studies grouped all the species with brightly colored fruits ( Fig.  2A , C, E, F, G, H, I, and this study, Table 5 ). Four of the seven studies grouped the brightly-colored-fruited species exclusively with S. chmielewskii and S. neorickii (Fig. 2C , G, H, I, Table 5 ). Wendel & Doyle (1998) discuss thirteen possibilities leading to discordant phylogenetic results, and divide them into three classes: (1) technical causes, (2) organism-level processes, and (3) gene and genome-level processes. We consider the following seven possibilities to be possible here, including: technical causes of (1a) insufficient data, (1b) taxon sampling, and (1c) gene choice; organism level processes of (2a) hybridization and introgression, (2b) rapid diversification, and (2c) lineage sorting; and gene and genome-level processes of (3c) paralogy, possibly with the ITS data.
Our GBSSI sequence, morphological, and present AFLP results included multiple accessions of all taxa, with a concentration on the most widespread and polymorphic species, S. peruvianum. Use of several appropriate outgroups reduced problems of taxon sampling; none of the other studies included such wide sampling. Insufficient taxon sampling in other studies precluded addressing many of the questions of congruence we pose here with AFLP, GBSSI (Peralta & Spooner, 2001 ) and morphological (Peralta & Spooner, in press) studies. Genealogical differences due to hybridization or introgression may be the cause of discordance with the cpDNA results. Chloroplast DNA is maternally inherited in Solanum, and cpDNA data frequently shows discordant results with biparentally-inherited markers, particularly in groups with high levels of natural interspecific hybridization, as in some tomato species (Rick, 1958) . The ILD test is sensitive to character incongruence caused by genealogical discordance, and this may be reflected in our cpDNA/GBSSI dataset comparison. Hipp & al. (2004) discussed the possible causes that appear to affect increasing the probability of Type-I errors in ILD test results (the error of incorrectly rejecting the correct hypothesis of congruence). Differences among site substitution rates, overall evolutionary rates, levels of noise, and size of the data partition being tested may also affect the sensitivity of the ILD test (Hipp & al., 2004) . In tomato, mtDNA divergence is higher than that of cpDNA, indicating that the DNA of the two organelles is evolving at different rates (McClean & Hanson, 1986) . Rapid diversification and lineage sorting are always possible causes of discordance with recently evolved groups; this may be the case in tomatoes, as suggested by poor resolution (polytomies) in some terminal clades (Peralta & Spooner, 2001 ). As mentioned above, discordance could have been caused by methodological differences in phenetic versus cladistic analyses.
Our three methods for examining congruence among studies (distance matrix-based comparisons, characterbased comparisons, and visual comparisons) gave different answers concerning the appropriateness of combining different datasets for phylogeny reconstruction of tomato. Different tests might produce different interpretations about the congruence of two datasets. Knowledge about possible biases in the data caused by biology of the species is needed for interpreting the meaning of incon- Spooner & al. • AFLPs and tomato phylogeny 54 (1) • February 2005: 43-61 57 Table 5 . Comparison of hypotheses of relationships inferred from molecular and morphological characters of tomato and outgroups in Solanum, analyzed with cladistic or phenetic methods. Letters in the header correspond to Fig. 2 . √ indicates concordant results, X discordant results, / lack of resolution due to polytomies in cladistic results, and insufficient species were included in the study or cannot be resolved because of insufficient outgroup sampling. A  B  C  D  E  F  G  H  I  This study 
Hypothesis of relationships

